Two field experiments were conducted during 2014 and 2015 growing seasons to assess tomato growth and yield as affected by some biostimulants and micronutrients with or without mulching type. Certain physiological characters were also examined, plant height, the number of branches per plant chlorophyll a, nitrogen %, red fruit weight and total yield per plant as well as fruit firmness and ascorbic acid concentration in fruit was increased in tomatoes under black plastic mulch compared with bar soil. Application of either biostimulants or micronutrient used to increase all growth and yield characters as well as photosynthetic pigments, ions percentage, and fruit quality. Additive effects were shown under mulching, seaweed extract proved to be the most effective in this respect. It could be recommended that spraying tomato crop at 35 and 50 d from transplanting with 500 mg/l seaweed extract under clear or black plastic mulch in order for inducing the highest yield and improve fruit quality.
INTRODUCTION
Tomato (Solanum lycopersicum L., family Solanaceae) is the foremost popular and widely grown vegetable worldwide, for its food and other industrial values [1] . According to FAOSTAT 2015, about 8,533,803 tons of tomato fruits were produced in Egypt. To increase tomato production, several investigations suggested using mulching and/or biostimulants as well as micronutrients [2] [3] [4] . Mulch preserves soil moisture, reduces production costs and it is highly effective in controlling weeds, various diseases and pests and reduced soil erosion, leaching of fertilizers [5, 6] , and could account for improved yield [7] . Mulch is any material (organic or inorganic) placed on the soil surface to conserve moisture, maintain favorable soil temperatures around plant roots, that results in better plant growth and development [8] .
Polyethylene is the foremost used plastic mulching in agriculture as it has numerous qualities when compared to other alternatives [4] . Djigma and Diemkouma [9] proved the benefits of using polyethylene mulch in eggplant and tomato. Organic mulch in specially, straw provide several qulaities like weed control [4, 10] .
Using biostimulants for promoting plant growth and productivity has recently received increasing attention worldwide [3, 11] . Seaweed extracts (Swe; Ascophyllum nodosum Jol.) as organic biostimulants is fast becoming accepted practice in modern agriculture for sustainable production [12] . Swe contains phytohormones [3] , certain micro-and macro-nutrients [14] , and secondary metabolites [15] . Swe has been used as a foliar application to accelerate growth, yield, and quality, nutrient uptake, photosynthetic pigments, and resistance to stress factors of many crops [3, 11, 16] .
Thiamine (Thi) could be considered as bio-regulators materials that in low concentration exerted a profound impact upon plant growth and development [17] . In this concern Abdel Aziz, Nahed et al. [18] showed an increase in pigments in Thuja orientalis L, plants under Thi treatments. Similarly, Farouk et al., [19] indicate that application of thiamin increased tomato plant growth, photosynthetic pigments, NPK% and total fruit yield.
Micronutrients have been known to increase the yield and improve the quality of different crops [20, 21, 22] . Using soil organic matter provides most of the micronutrients [23] . Foliar application with differing micronutrients can overcome micronutrient deficiency in the subsoil [20] . Micronutrients play an important role in the physiological processes of many crops. They are required for plant activities like respiration, meristematic development, chlorophyll biosynthesis, photosynthesis, energy system, protein, oil synthesis, phenolic compounds additionally exogenous and applications of micronutrients have been reported in accelerating yield and quality in tomato [24] . Zinc is an important trace element for plants [25] , photosynthetic pigment biosynthesis, pollen function and fertilization [26] . Iron and Zn have many essential roles in plant growth and development [27] [28] [29] . The present study aimed to evaluate the impact of two biostimulants (seaweed extract, thiamine) or micronutrients (Zn and Fe) with or without mulching type on growth, yield and some physiological characters of tomatoes.
MATERIALS AND METHODS
Two field experiments were conducted during the two successive early summer seasons of 2014 and 2015 at a private farm (31⁰12'30,2 N 31⁰29'29,4 E) in Shirbin, Dakahlia Governorate, Egypt under drip irrigation system with or without mulching types (Bs, Cpm, Bpm, and Sm). In addition to distilled water as a control, tow biostimulants denoted (Swe and Thi), as well as (Zn and Fe) well evaluated.
Field site
Before planting, random soil samples of the experimental site were collected (0-30 cm depth), air dried, grounded, mixed and kept in plastic bags for the analysis. The representative sample was subjected to mechanical and chemical analysis as described by [30] . The soil was loamyclay (25. 
Experimental design
A randomized complete block design in a factorial arrangement was adopted with three replications. The experimental unit area was 135 m²including three ridges, each 30 meters long and 150 cm apart, and the distance between the hills were 30 cm apart. The study was performed using determinate fresh market tomato (Solanum lycopersicum L.) cv. Master RS that obtained from Agric. Res. Center (ARC), Ministry of Agric. Egypt.
Planting procedure
The Tomato seedlings (4-5 mature leaves; 45 d) were planted in an open field on 1 st March in both seasons, after placing the mulches types by hand. The plowed soil was fertilized with 20 percent of the nitrogen as ammonium nitrate (33.5%N), potassium as potassium sulfate (48% k2O) and 50 percent of the phosphorus as calcium superphosphate (15.5% P2O5) from the recommended fertilizer requirements as recommended by ARCE. The remaining amount of nitrogen (urea 46.5%N+ammonium nitrate 33.5%N), potassium (48% K2O) and phosphorus as phosphoric acid (85%P2O5) were applied through the drip tube throughout growth of plants with other soluble fertilizers such as calcium nitrate (15.5 %Ca), magnesium sulfate (50% Mg2O). Plants were foliar sprayed at early morning with a sprayer (20 l in volume) to run-off, at 35 and 50 d from transplanting in each experimental seasons after adding tween 20 as a surfactant. The experiments included the treatments as follows 1-Control (tap water). 2-Seaweed extract (Swe) at 500 mg/l. 3-thiamin (Thi) at 100 mg/l. 4-Zinc chelated (Zn15% EDTA) at 100 mg/l 5-Iron chelated (Fe13% EDTA) at 500 mg/l under bare soil and or mulching types including clear plastic mulch"50-55 micron; Cpm", black plastic mulch"20-25 micron, Bpm", straw mulch "Sm at 5-7 cm thick".
The crop was irrigated day after day by a trickle irrigation system, consisting of one low-density polyethylene trickle line for each crop row (16 mm diameter) and emitters of 4 Lh-1 separated by 0.30 m. During the growing season, systematic tomato plant protection against fungal diseases was carried out. At 10-day intervals, the following plant protection sprays were applied: Rizolex-T and Ridomil Gold ® MZ Pepite 67.8 WG.
Sampling dates and data collection
At 70 d from transplanting, a random sample of five plants was taken from each experimental unit to estimate the growth parameters, i.e. (plant height "cm", shoot fresh and dry weights "g"). In addition, like photosynthetic pigment concentration (mg/g FW), as well as ion "N, P and K" percentage in the shoot were also determined.
At harvesting (110 d from transplanting), the fruits were hand harvested and determined, red fruit weight, colored fruit weight and total yield per plant. A representative sample of 10 healthy fruits from each experimental plot for determination fruit quality, as follows: Total soluble solids (%); it determined by using Karl Zeiss hand refractometer according to [31] ; Fruit firmness (gm/ 2 ) were realized by penetrometer Bertuzzi; Ascorbic acid concentration (mg/g FW); it extracted and titrated by 2.6-dichlorophenol indophenol as described by [32] .
Photosynthetic pigments (chlorophylls a, b and total carotenoids), were extracted from the blade of the 3 rd terminal upper compound leaf on the main stem for 24h at laboratory temperature by methanol after adding a trace from sodium carbonate, and determined spectrophotometrically [33] . For ion percentage; ground dried shoot samples were wet digested with HClO3/H2SO4, cooled, and brought to the volume of 100 ml using deionized water and kept for ion determinations. Total nitrogen was determined by the microKjeldahl method. Potassium was determined by a flame photometrically [34] , and phosphorous using ammonium molybdate and ascorbic acid [35] .
Statistical analysis
Statistical analysis (ANOVA, least significant differences test) was performed at a probability level P<0.05. Percentage data were arcsine transformed before analysis [36] .
RESULTS AND DISCUSSION

Vegetative growth characters
Data presented in table (1) show that vegetative growth represented as plant height, the number of branches per plant, as well as shoot fresh and dry weights were significantly increased under all mulching type as compared with bare soil in both experimental seasons. The highest values in plant height and branches number per plant in both season, as well as shoot fresh weight in the first season, were obtained due to the application of black plastic mulch (Bpm) as compared with bare soil (Bs). In contrast, the highest shoot dry weight in both seasons and plant fresh weight in the second season were obtained under the application of clear plastic mulch (Cpm) comparing with bare soil.
Regarding the effect of biostimulants or micronutrients on tomato plant growth, the data in the same table assessed that in most cases, all vegetative growth parameters were significantly increased due to the application of either biostimulants or micronutrient. Seaweed extract (Swe) proved to be more effective in this respect.
The interaction results proved that spraying application of biostimulants and micronutrient with mulch types significantly affected all growth and branches characters in the two experimental seasons when compared to control. The highest morphological parameters were recorded in most cases by application of 500 mg/l Swe under Cpm, meanwhile, the highest branches number per plant were recorded under the treatment of Swe plus Bpm in both seasons respectively. Research over the past few years has demonstrated the stimulating effect of mulch type and shoot growth in different plants [37, 38] . In this concern, Wien [39] found that clear plastic mulch stimulated root extension, increased branching, increased concentration of major nutrients in the shoot. Additionally, Moursy et al. [4] on tomato plants found that, in general, mulches increased plant growth at 90 and 120 d from transplanting, the most effective in this concern was transparent plastic mulch. Moreover, mulching treatment had the highest stomatal conductance and leaf chlorophyll as well as increased photosynthetic rate that induced plant growth and increased plant fresh and dry weight [4] .
The stimulating effect of biostimulants like seaweed extract on plant growth was previously reported [3, 16] . The promotive effects of biostimulants on plant growth are not yet explained, although there are some theories which probably work together, and can be summarised: 1) Biostimulants like Swe accelerate physiological processes in plants like macro-and micronutrient uptake, cell elongation, enzymatic activity and protein synthesis and finally inducing biomass production [11, 41] . Accordingly, it was found that application of biostimulants increased phosphorous percentage that plays an important role in the biosynthesis and translocation of carbohydrates and stimulation cell division as well as formation of DNA and RNA [24] . 2) Activate root cells and stimulate the biosynthesis of endogenous cytokinins [42] . Cytokinins known to promote cell division, inhibit leaf senescence by blocking the export of photosynthetic to new tissue and stimulating translocation of resources to treated leaves [24] , 3) Stimulation the biosynthesis of antioxidants solutes, as in chloroplasts which protect chloroplast and stimulation of chlorophyll biosynthesis [14] . 4) The enriched content of Swe in crude protein and growth promoting hormones, in special, auxin and cytokinins [43] . Proteins are essential for the formation of protoplasm, while growth substances favored rapid cell division and cell multiplication as well as elongation. In addition, Abd El-Aziz Nahed et al., [18] and Farouk [3] found that the application of thiamine and seaweed extract increased significantly vegetative growth represented as plant height, a number of leaves per plant, root length and leaf area, shoot FW and shoot dry weight.
The promotive effect of micronutrient on plant growth was confirmed by Seadh et al., [21] and Farouk et al. [22] . The specific effect of each micronutrient may be summarized as a fellow. Foliar spraying with zinc improving the vegetative growth and including the plant capacity for building metabolites. Such response may be due to that zinc is known to play an activator of over 300 enzymes in plants [44] and is directly involved in the biosynthesis of auxin, Indole acetic acid in particular [45] which inducing more dry matter.
Application of Fe improved plant growth, in special, fresh and dry weight through its role in activating of chlorophyll biosynthesis and photosynthesis [46] . Along with the iron requirement in some heme enzymes and its involvement in the manufacture of the heme group in general, iron has a function in Fe-S proteins, which have a strong involvement with the light-dependent reactions of photosynthesis. As well as being the electron donor for the synthesis of NADPH in photosystem I, it can reduce nitrate in the reaction catalyzed by nitrite reductase and it is an electron donor for sulfite reductase. All these parameters might have contributed to optimum growth. Apart from this increased concentration of active Fe in the plants with these treatments enhanced the concentration of nitrogen in the plants. As physiologically active Fe play many roles in the metabolism of nitrogen within the plants by affecting the activities of nitrate reductase, which are directly involved in the assimilation of N and finally improving plant growth [47] . Table ( 2) shows that the highest values of total chlorophyll concentrations were obtained under the application of BPM plus water spraying and thiamin in bar soil in the first and second season respectively. Meanwhile, application of Zn or Fe under CPM gave the highest value of carotenoids in the first and second season respectively.
Photosynthetic pigments
The present investigation indicated that there was a significant increase in chlorophyll Biostimulants elevated the potassium concentration (table, 3), which might have resulted in an increase in chloroplast per cell [24] . The role of Swe in increasing chlorophyll concentration may be due to containing considerable amounts of macro-and micronutrients, amino acids, vitamins and hormonal like activities [13, 48] , and/or the high content of betains [49] , which possibly increased chlorophyll concentration leading to higher rates of photosynthesis. These results were confirmed in tomato plant [50] . The data also indicated that, using of either biostimulants or micronutrient, in special, seaweed extract without mulching significantly increased ion percentage in the tomato shoot as compared with untreated plants. Spraying Swe treatment proved to be the most effective in this respect. Data also proved that biostimulants application and/or micronutrients with mulch significantly increased ion percentage in the shoot compared with untreated control plants. The highest percentage of this concern was spraying Swe plus Bpm or Cpm in both seasons for N and either potassium or phosphorous. The promotive effect of biostimulants in ion % is not fully understood. It may be resulted from improving root system growth, increasing proliferation of root hairs, production of smaller and more ramified lateral roots [52] and to stabilizing membrane permeability, additionally improving nitrogen use efficiency by retarded nitrification processes or inhibited urease activity [53] . Recently, Castaings et al. [54] indicated that application of Swe enhanced nitrogen assimilation. Similarly, Grubinger et al. [55] indicate that clear plastic mulch application increased phosphorous concentration in leaf tissue.
Yield and fruit quality
Data in table (4) shows that mulching type's significantly increased total yield as well as marketable fruit yield meanwhile decreased un-marketable fruit as compared with bare soil. Foliar application of either biostimulants or micronutrients significantly increased tomato yield compared with untreated control plants. The most effective in this concern was seaweed extract. Moreover, the table proved that application of Swe under Cpm gave the highest tomato yield per plant (4.4 and 4.25 kg/plant). Similar results were reported by erlier works [4, 8, 5, 6] . Samaila et al. [57] indicated that soil mulching significantly increased the total yield of tomato fruits compared with bare soil (Bs). Similarly, [58] found that all organic mulches applied in their experiment caused an increase in tomato yield. According to Sinkevičienė et al. [59] , yield level of vegetables significantly related to the kind of mulch applied to the soil. The authors added that soil, mulching with grass had the highest yielding effect. This results are in agreement with previous reports [61, 62] . Majkowska-Gadomska et al. [63] and Gajc-Wolska et al. [64] found that sweet pepper fruits cultivated on mulch with straw contained significantly more vitamin C compared to those cultivated on polypropylene fiber mulch.
Micronutrients like Fe or Zn are important in growth and fruit development [51] . Additionally, Zn application has a favorable effect on pollen germination, tube elongation and increasing the number of ruptured pollen that results in better fertilization, higher fruit set and final yield [24] . Previous studies support our findings in this study [65] [66] [67] [68] [69] .
Concerning yield quality, it is well documented from the present study that foliar application of biostimulants accelerated fruit quality. These results were confirmed by [3, 11] . The favorable influences of biostimulants on the chemical characteristics of tomato fruit may be ascribed to its stimulative effect on photosynthesis process and its concentration of some promoter hormones such as cytokinins which are closely involved in cell division, protein, carbohydrates, and chlorophyll formation [70] . Arafa et al. [71] found that foliar application of seaweed extract has resulted in an increase in potato tuber quality represented as total acidity, total soluble solids and ascorbic acid content. The stimulation effect of biostimulants and micronutrient with or without mulch on tomato yield could be attributed to the presence of plant growth substances, in special, cytokinins in Swe [13] , that induced overall plant growth, maintenance of green leaves, and number of branches per plant, increasing photosynthetic pigments as well (table 3) , followed by increasing sink capacity fulfilled supply of photoassimilates from green leaves and/or retranslocation of stem reserve [68] . Ozer [4] proved that all mulching type increased tomato yield, fruit firmness and decreased soluble solid content and titratable acidity. 
